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1 - A method of preparing a carbon-doped group HI- V compound 
semiconductor crystal, comprising the steps of; 

placing a compound raw material, solid carbon, and a boron oxide substance into 
a crucible or a boat, 

sealing said crucible or boat containing said compound raw material, said solid 
carbon, and said boron oxide substance within an airtight vessel formed of a gas 
impermeable material* 

heating and melting said compound raw material in said crucible or $aid boat 
sealed within said airtight vessel^ and 

solidifying said melted compound raw material to grow a carbon-doped 
compound semiconductor crystal, 

wherein an amount of said solid carbon placed into said crucible or said boat is 
larger than an amount of carbon doped into said compound semiconductor crystal. 

2. The method of preparing a carbon-doped group DI-V compound 
semiconductor crystal according to claim 1, further comprising a step of heating and 
melting said boron oxide substance and having said melted boron oxide substance in 
contact with at least a portion of said solid carbon^ during said step of heating and 
melting said compound raw material. 

3 . The method of preparing a carbon-doped group IE- V compound 
semiconductor crystal according to claim 1, wherein said gas impermeable material 
comprises a material selected from the group consisting of quartz and pBN* 
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4. The method of preparing a carbon-doped group ni-V compound 
semiconductor crystal according to claim 1, wherein said boron oxide substance 
comprises boron oxide and water. 



5. The method of preparing a carbon-doped group III-V compound 
semiconductor crystal according to claim 4, wherein said boron oxide substance contains 
10-500 wt ppm of said water. 

6. The method of preparing a carbon-doped group ITI-V compound 
semiconductor crystal according to claim 1 7 wherein said amount of said solid carbon 
placed into said crucible or said boat is at least 10 times larger than said amount of 
carbon doped into said compound semiconductor crystal. 

7. The method of preparing a carbon-doped group III-V compound 
semiconductor crystal according to claim 1, further comprising a step of subjecting said 
solid carbon to a heat treatment under reduced pressure before placing said solid carbon 
into said crucible or said boat. 



8, The method of preparing a carbon-doped group ni-V compound 
semiconductor crystal according to claim 7 S comprising carrying out said heat treatment 
for 1 hour to 1 2 hours at a temperature of 500 c C - 2000* C. under a pressure of 1 Torr - 
lx 10" 8 Torr, 



9. The method of preparing a carbon-doped group III-V compound 
semiconductor crystal according to claim 1, further comprising a step of maintaining said 
melted compound raw material in a melted state for a certain time period before said step 
of solidifying said melted raw material to grow said crystal. 
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10. The method of preparing a carbon-doped group IH-V compound 
semiconductor crystal according to claim 9 S wherein said step of maintaining said melted 
compound raw material in a melted state is carried out for 3-72 hours. 

1 1 . The method of preparing a carbon-doped group HI-V compound 
semiconductor crystal according to claim 1, wherein said solid carbon comprises powder 
carbon. 

12. The method of preparing a carbon-doped group IH-V compound 
semiconductor crystal according to claim 1 1, wherein said powder carbon ha$ a grain size 
of not more than 100 fxm. 

13. The method of preparing a carbon-doped group HI-V compound 
semiconductor crystal according to claim 1, wherein said solid carbon comprises fiber 
carbon. 

14. The method of preparing a carbon-doped group HI-V compound 
semiconductor crystal according to claim 13 7 wherein said fiber carbon has an average 
diameter of not more than 50 pi, 

15. The method of preparing a carbon-doped group HI-V compound 
semiconductor crystal according to claim 1 ? wherein said solid carbon comprises bulk 
carbon. 

16. The method of preparing a carbon-doped group HI-V compound 
semiconductor crystal according to claim 15, wherein said bulk carbon has a disk shape 
with a disk diameter smaller than an inner diameter of said crucible. 
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1 7. The method of preparing a carbon-doped group HI-V compound 
semiconductor crystal according to claim 15, wherein said "bulk carbon comprises a 
sintered compact of caibon powder. 

18. A method of preparing a carbon-doped group HI-V compound 
semiconductor crystal according to claim 1, wherein said crucible or said boat comprises 
pBN. 

19. The method of preparing a carbon-doped group HI-V compound 
semiconductor crystal according to claim U wherein said compound raw material 
comprises GaAs, and wherein said compound semiconductor crystal comprises a GaAs 
crystal, 

20. The method of preparing a carbon-doped group III-V compound 
semiconductor crystal according to claim 2, further comprising having said melted boron 
oxide substance in contact with at least a portion of said melted compound raw material, 
during said step of heating and melting said compound raw material. 

21 . The method of preparing a carbon-doped group 1H-V compound 
semiconductor crystal according to claim 1 s further comprising selecting a target amount 
of said caibon to be doped into said compound semiconductor crystal, and adjusting said 
amount of said solid carbon placed into said crucible or said boat so as to responsively 
achieve said target amount of said carbon to be doped into said semiconductor crystal. 

22. The method of preparing a carbon-doped group HI-V compound 
semiconductor crystal according to claim 1 ? carried out such that said carbon-doped 
compound semiconductor crystal has a variation of carbon concentration of not more than 
S 1/3% between a lowest carbon concentration and a highest carbon concentration, 
relative to said lowest carbon concentration. 
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Cancel claims 23-25. 

26. Vertical boat growth of single crystal, semi-insulating GaAs ingots having 
controlled planned target levels of Carbon therein comprising; (&) loading a crucible with 
a charge of poly-crystal GaAs material: a source of carbon: and Boron Oxide over a 
selectively oriented seed crystal: (b) placing said crucible in a closed quartz tube: (c) 
applying a controlled pattern of heating to melt the charge and a portion of the seed 
crystal to sequentially freeze the melt starting at the interface with the seed crystal to 
form a single crystal: wherein said source of carboiiis carbon powder in a selected 
quantity having a defined large nominal doping potential compared to th e planned target. 
level of Carbon in an as grown ingot: and said Boron Oxide is provided in an amount for 
providing spacer material between an as grown ingot and a crucible wall, and between a 
seed crystal and the bottom of said crucible. 

27. Vertical boat growth of single crystal, semi-insulating GaAs ingots in 
accordance with claim 26 wherein said pattern of heating comprises: heating said charge 
to the melting point temperature of GaAs; holding that temperature for a period of time, 

28. Vertical boat growth of single crystal, serni-insulating GaAs ingots in 
accordance with claim 26 wherein the nominal doping potential of said carbon powder 
included in the charge is the order of 1 00 times the planned target level of carbon dopant 
in an as grown ingot. 

29. Vertical boat growth of sinsde crystal, semi-insulating GaAs ingots in 
accordance with claim 26 wherein the nominal doping potential of said carbon powder 
included in the charge is at least several times the planned target level of carbon dopant in 
an as grown ingot. 

30. Cancel claim 30 without prejudice. 
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31 ■ The method of anv of claims 1-22 wherein suffi cient boron oxide 
substance is placed in said crucible or boat so that the boron oxide s ubstance surrounds 
the melted semiconductor compound. 

32. The method of claim 3 1 wherein said melting and solid ifying; is conducted 
in a vertical furnace. 

33. The method of anv of claims 1-22 wherein said melting and solidifying is 
conducted in a vertical fumace- 

34. The method of anv of claims 2- 10 or IS -22 wherein said solid carbon 
is powdered carbon. 

35. The method of claim 34 wherein sufficient boron oxide substance is 
placed in said crucible or boat $o that the boron oxide substance surrounds the melted 
semiconductor compound. 

36. The method of claim 34 wherein said melting and solidifying is conducted 
in a vertical furnace, 

37. The method of anv of claims 2 - 10 or 1 S - 22 wherein said solid carbon 
is carbon fibers- 

38. The method of claim 37 wherein sufficient boron oxide substance is 
placed in said crucible or boat so that the boron oxide substance surrounds the melted 
semiconductor compound. 

39. The method of claim 37 wherein said melting and solidifying is conducted 
in a vertical furnace. 
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40. (Amended) A method of preparing a carbon-doped group III-V compound 
semiconductor comprising the steps of: 

melting a boron oxide substance in contact with carbon, thereby forming a boron 
oxide - carbon mixture, 

heating and melting a III-V compound semiconductor raw material together with 
said boron oxide - carbon mixture in a boat. 

maintaining said compound raw material in melted form in said boat for a -period 
to permit carbon to migrate from said boron oxide - carbon m ixture i nto said compound 
raw material, and 

solidifying; said melted compound raw material in said boat to foixn a crystalline 
carbon-doped compound semiconductor. 

wherein the amount of carbon in the initial boron oxide - carbon mixture is larger 

than the amount of carbon doped into said compound semiconductor. 

41 . The method of preparing a carbon-<ioped group III-V compound 
semiconductor according to claim 40. wherein said boron oxide substance comprises 
boron oxide and water. 

42. The method of preparing a carbon-doped group III-V compound 
semiconductor according to claim 41, wherein said boron oxide substance contains 10- 
500 wt ppm of said water. 

43. The method of preparing a carbon-doped group III-V compound 
semiconductor according to claim 40. wherein said amount of said carbon in contact wife 
said melted boron oxide substance is at least 10 times larger than said amount of carbon 
doped into said crystalline semiconductor. 

44. The method of preparing a carbon-doped group III-V compound 
semiconductor according to claim 40, further comprising a step of subjecting solid carbon 
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to a heat treatment under reduced pressure before melti ng said boron oxide substance m 
contact with said carbon, 

45. The method of preparing a carbon-doped group IH-V compound 
semiconductor according to claim 44. comprisingLCfflrying out said heat treatment for 1 
hour to 1 2 hours at a temperature of 500* C. - 5000° C, under a pres sure of 1 Torr - lx 
I0" s Ton. 

46. The method of preparing a carbon-doped_group GI-V compound 
semiconductor according to claim 45. farther comprising a step of maintaining said 
melted compound raw material in a melted state fot a certain time period before said step 
of solidifidng said melted raw material. 

47. The method of prepari^^ 

semiconductor according to claim 46. wherein said step of m aintaining said melted 
compound raw material in a melted state is carrie d out for 3 - 72 hours. 

4g, The method of preparing a carbon-doped gr oup HI-V compound 
semiconductor crystal according to claim 40. further comprising selecting a target a mount 
of said carbon to be doped into said compound semiconduc tor crystal, and adjusting said 
amount of said carbon in contact with said melted boron oxide substance so as to 
responsively achieve said target amount of said carbon t o be doped into said 
semiconductor crystal. 

49, The method of preparing a carbon-doped gr oup HI-V compound 
semiconductor crystal according to claim 40. wherein said carbon comprises powder 
carbon. 
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50- The method of prep arin g a. carbon-doped group ni-V compound 
semiconductor crystal according to claim 42. wherein said carbon comprises powder 
carbon, 

51. The method of preparing a carbon-doped group III-V compound 
semiconductor crystal according to claim 40. wherein said carbon compris es fiber carbon. 

52. The method of preparing a carbon-doped group III-V compound 
semiconductor crystal accordin g to claim 42. wherein said carbon comprises fib er carbon. 

53. The method of preparing a carbon-doped group III-V compound 
semiconductor crystal according to claim 40. wherein said compo und raw material 
comprises GaAs. and wherein said compound semiconductor crystal comprises a single 
crystal of GaAs. 

54. The method of preparing a carbon-doped gr oup III-V compound 
semiconductor crystal according to claim 53, carried out such that s aid carbon-doped 
compound semiconductor crystal has a variation of carbon concentration of not more than 
8-1/3% between a lowest carbon concentration and a hig hest carbon concentration. 
relative to said lowest carbon concentration. 

55. The method of preparing a carbon-doped grou p fll-V compound 
semiconductor crystal according to claim 53, wherein sa id boron oxide substance 
comprises boron oxide and water- 

56. The method of preparing a carbon-doped group III-V compound 
semiconductor crystal acco rdin g to claim 55- wherein said boron o xide substance 
contains 1 0-500 wt ppm of said water. 
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57. The method ofpreparins a caibon-doped gro up TII-V compound 
semiconductor crystal ar.mrdmQ to claim 53. wherein said amount of said carbon in 
contact with said melted boron oxide substance is at least 1 0 times larger than said 
amount of carbon doped into said compound semiconductor crystal, 

58. The method of preparing a carbon-doped group III-V compound 
semiconductor crystal according to claim S3, further comprising a step of subjecting solid 
carbon to a heat treatment under reduced pressure before melting said boron oxide 
substance in contact with said carbon, 

59. Hie method of preparing a carbon-doped stoup IH-V compound 
semiconductor crystal according to claim 58. comprising carrying out said heat treatment 
for 1 hour to 12 hours at a temperature of 500° C. . ~ 2000° C. under a pressure of 1 Torr - 
lxltr s Tom 

60. The method of prep arin g a carbon-doped group HI-V compound 
semiconductor crystal according to claim 53. further comprising a s tep of maintaining 
said melted compound raw material in a melted state for a ce rtain time period before said 
step of solidifying said melted raw material to grow said crvstal- 

61. The method of preparing a carbon-doped group III-V compound 
semiconductor crystal according to claim 60, wherein said step o f maintaining said 
melted compound raw material in a melted state is carried out for 3- 72 hours, 

62. The method of preparing a carbon-doped group III-V compound 
semiconductor crystal according to claim 53. farther comprising selec ting a target amount 
of said carbon to be doped into said compound semiconductor crystal, and adjusting said 
amount of said carbon in contact with said melted boron oxide substance so as to 
responsively achieve said target amount of said carbon to be doped into said 
semiconductor crystal. 
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63, The method of preparing a carbon-d oped group H3-V compound 
semiconductor crystal according to claim 53. wherein said c arbon coanpri$es powder 
carbon. 



64, The method of preparing a carbon-doped grou p ffl-V compound 
semiconductor crystal according to claim 56, where in said carbon comprises powder 
carbon. 



6S. The method of prep arin g a carbon-doped group IDL-V compound 

semiconductor crystal according to claim S3, wherein said carbon comprises fiber carbon. 

66. The method ofpreparing a carbon-doped group DI-V compound 

semiconductor crystal according to claim 56. wherein said carbon comprise s fiber carbon. 

67. The method of preparing a carbon-doped group III- V compound 
semiconductor according to claim 40, further compris ing a step of maintaining said 
melted compound raw material in a melted state for a certain time period before said st ep 
of solidifying said melted raw material, 

68. The method of preparing a carbon-doped group HI-V compound 
semiconductor crystal according to claim 43» wherein said carbon comprises powder 
carbon, 

69. The method of preparing a carbon-doped group III-V compound 
ggmiconductor crystal according to claim 43, wherein said c arbon comprises fiber 
carbon, 

70. The method of preparing a carbon-doped group III-V compound 
semiconductor crystal according to claim S7» wherein said carb on comprises powder 
carbon. 
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71 . The method of preparing a carbon-doped group in-V compound 
semiconductor crystal according to claim 57. wherein said carbon comprises fiber carbon. 

72, (New) A method of preparing a carbon-doped group III-V compound 
semiconductor comprising the steps of: 

melting a boron oxide substance in contact with carbon, thereby forming a boron 
oxide - carbon mixture. 

heating and melting a III-V compound semiconductor raw material together with 
said boron oxide - carbon mixture, 

maintaining said compound raw material in. melted form for a period to permit 
carbon to migrate from said boron oxide - carbon mixture into said compound raw 
material and 

solidifying said melted compound raw material to form a crystalline carbon-doped 
compound semiconductor, 

wherein the amount of carbon in the initial boron oxide - carbon mixture is larger 

than The amount of carbon doped into said compound semiconductor, 

further comprising a step of subjecting said carbon to a heat treatment under 
reduced pressure before melting said boron oxide substance in contact with said caibon, 

73, OseW) The method of preparing a carbon-doped group m-V compound 
semiconductor according to claim 72. comprising c arrying out said heat treatment for 1 
hour to 12 hours at a temperature of 500° C, - 2000^ C. under a pressure of 1 Torr - Ix 
10" s Torr, 

74. fNew^ The method of preparing a carbon-doped group IH-V compound 
semiconductor according to claim 73, further comprising a step of maintaining said 
melted compound raw material in a melted state for a certain time period before said step 
of solidifying said melted raw material. 
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75. (New) The method of preparing a carbon-doped group III-V compound 
semiconductor according to claim 74. wherein said step of maitifairimg said melted 
compound raw material in a melted state is carried out for 3-72 hours, 

76. (New) A method of preparing a carbon-doped group III-V compound 
semiconductor comprising the steps of: 

melting a boron oxide substance in contact with fiber carbon, thereby forming a 
boron oxide - carbon mixture, 

heating and melting a D3-V compound semiconductor raw material together with 
said boron oxide - carbon mixture. 

maintaining said compound raw material irt melted form for a period to permit 
carbon to migrate from said boron oxide ~ carbon mixture into said compound raw 
material, and 

solidifying said melted compound raw material to form a crystalline carbon^doped 
compound semiconductor, 

wherein the amount of carbon in the initial boron oxide - carbon mixture is larger 

than the amount of carbon doped into said compound semiconductor. 

77. (New> The method of preparing a carbon-doped group III-V compound 
semiconductor according to claim 76. wherein said boron oxide substance contains 10- 
500 wt ppm of said water, 

78. (New) The method of preparing a carbon-doped group III-V compound 
semiconductor according to claim 76. wherein said amount of said fiber carbon in coniact 
with said melted boron oxide substance is at least 10 times larger than said amount of 
carbon doped into said crystalline semiconductor. 

79. (New) The method of preparing a carbon-doped group III-V compound 
semiconductor crystal according to claim 76. wherein said compound raw material 
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comprises GaAa. and wherein said compound semiconductor crystal comprises a single 
crystal of GaAs. 



80, (New) The method of preparing a carixfflhdoped group HI-V compound 
semiconductor crystal according to claim 79, wherein said boron oxide substance 
contains 1 0-500 wt ppm of said water, 

S 1 , (New) The method of preparing a carbon-doped group HI-V compound 
semiconductor crystal according to claim 79, wherein said amount of said fiber carbon in 
contact with said melted boron oxide substance is at least 10 times larger than said 
amount of carbon doped into said compound semiconductor crystal. 



Received from < +2122582291 > at 7/2/03 1 1 : 13:24 AM {Eastern Daylight Time] 



